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© Miniature video display system. 



© A miniature full-page video display which 
mounts at least one row of light-emitting elements 
such as LEDs, a collimating lens, and a vibrating 
mirror in a light-tight box having an opening through 
which the mirror may be viewed. The LEDs are 
selectively illuminated at points in the travel of the 
vibrating mirror, resulting in rows of pixels being 
projected at selected points on the mirror to provide 
a two-dimensional image. Two or more rows of light- 
emitting diodes, each of a different color, may be 
adjacently mounted and selectively illuminated in a 
manner such that corresponding LEDs are projected 
on the same spot on the mirror, resulting in a color 
image. The light box may be a hand-held device or 
it may be mounted to glasses, a headband or a 
similar device, and the virtual image appearing at the 
CM mirror may be viewed directly through an opening in 
^the box or through a suitable optical system. 
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MINIATURE VIDEO DISPLAY SYSTEM 



This invention relates to video display systems 
and more particularly to a miniature full-page video 
display system. 

Background of the Invention 

Advances in solid state technology are continu- 
ously reducing the size of various electronic de- 
vices including computers and calculators. How- 
ever, the size to which such device can be reduced 
has heretofore been limited by the size of the 
output display generally required in order to prop- 
erly utilize such devices. Most miniature computers 
and related devices currently use as an output 
display a single row containing a limited number of 
matrices adapted for display of alphanumeric char- 
acters, such matrices being made up of light-emit- 
ting diodes, liquid crystals, or similar elements. 
Alternatively, where a full-page display is required, 
relatively large liquid crystal or similar flat-screen 
devices have been employed. 

The former displays provide very little informa- 
tion, have low resolution, are not adapted for dis- 
playing graphics, and, particularly if liquid crystal 
elements are utilized, are difficult to view in low 
ambient light conditions. The devices are also not 
adapted for mounting so that the viewer may view 
the display without interrupting the user's normal 
vision. 

The larger full-page fiat-screen displays gen- 
erally do not have particularly high resolution, still 
permit the viewing of only a limited amount of 
information, and are frequently difficult to view in 
low ambient light conditions. In addition, while 
smaller than a standard CRT monitor, these de- 
vices are still relatively bulky to carry or use. They 
are thus adapted for use with lap-top machines 
rather than pocket devices. 

In some special applications, devices such as 
small headgear-mounted CRTs project an image 
through a suitable optical system to the user's field 
of vision. Such devices, sometimes referred to as 
heads-up displays, are relatively expensive and 
cumbersome and are therefore not adapted for 
general commercial use. 

A need therefore exists for a miniature (i.e. 
pocket-sized) display which creates an apparent 
image of a full-sized, full-page video display, is 
relatively low cost, provides high resolution and can 
be viewed in any ambient light condition. Addition- 
ally, such a display can be adapted for viewing by 
no more than one eye so that the display can be 
viewed while at the same time maintaining normal 
vision. 



A display of this type might be used whenever 
it was necessary to display full pages of informa- 
tion with a pocket device. It could for example be 
utilized either as a miniature output device for a 

s pocket-sized computer or as an output device from 
a modem for information provided from a central 
computer. It could also be utilized as a special 
purpose display in such applications as displaying 
information provided from a paging service, dis- 

io playing stock market information to a broker or 
investor, either continuously such as a ticker tape, 
or selected information in response to a query, 
providing product and price information in the field 
to a salesman, providing output for a hand-held 

75 instrument such as an oscilloscope and the like. A 
miniaturized display of this type could also be 
mounted to glasses, a headband, or the like and 
used to provide data to pilots, tank operators, sur- 
geons and others who require large amounts of 

20 alphanumeric or graphic information to perform a 
particular function while still being able to maintain 
substantially normal viewing. A related capability 
would be to provide a picture-phone capability with 
mobile telephones. A miniaturized display of this 

25 type would also be useful in applications where the 
user wishes to be able to view information without 
disturbing other people or having other people be 
able to see the information which is being viewed. 
A display device of this type would thus be useful 

ao in applications where the user wished to view a full- 
page display on an airplane or commuter train, at a 
library or at other public places where it is desir- 
able that the display not be visible or distracting to 
others. Another application of a device of this type 

35 would be as a TV monitor which would be smaller 
and lighter than existing miniature TVs while pro- 
viding a much larger effective screen, better resolu- 
tion and easier viewing. Two such devices mounted 
to glasses or goggles to cover the user's full field 

40 of view could provide 3-D images useful for low- 
cost flight simulators or other applications. 



Summary of the invention 

45 

In accordance with the above, this invention 
provides a miniature display system which utilizes 
a plurality of light-emitting elements aligned in a 
predetermined fashion to produce a row of display 
50 pixels. The light-emitting elements are preferably 
linearly aligned. The system also includes a mirror 
and a means for vibrating the mirror at a predeter- 
mined frequency. Imaging optics is also provided 
for creating a virtual image of desired size at the 
mirror. The image may appear at infinity if the 
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imaging optics includes a means for collimating or 
may appear at a shorter comfortable viewing dis- 
tance. Finally, a means is provided for selectively 
illuminating the light-emitting elements at selected 
points in the vibration of the mirror. This permits 
successive rows of selectively illuminated pixels to 
be projected on the mirror. The vibrating frequency 
of the mirror is sufficiently high so as to provide a 
flicker-free image of the desired full-page display. 

Two or more rows of light-emitting elements 
may be provided, the elements of each row projec- 
ting a different color. Means are provided for caus- 
ing corresponding elements In each of the rows to 
be selectively illuminated in a manner such that 
they are projected at the same point on the mirror, 
permitting a desired colored image to be obtained. 

For preferred embodiments, the light-emitting 
elements are light-emitting diodes, the outputs from 
which are passed through appropriate optics to the 
mirror. 

The foregoing and other objects, features and 
advantages of the invention will be apparent from 
the following more particular description of pre- 
ferred embodiments of the invention as illustrated 
in the accompanying drawings. 



- Description of Drawings 

Fig. 1 is a conceptual diagram of the min- 
iature display of a preferred embodiment of the 
invention. 

Fig. 2 is a schematic diagram of a miniatur- 
ized display of the type shown in Fig. 1. 

Figs. 3 and 4 are timing diagrams illustrating 
the pulses appearing at various points in the circuit 
of Fig. 2. 

Fig. 5 is a schematic diagram of an alter- 
native embodiment of the invention. 

Fig. 6 is a diagram illustrating an optical 
configuration for a second alternative embodiment 
of the invention. 



Detailed Description 

Referring to Fig. 1 , the display of this invention 
is packaged in a light-tight box 12 having a single 
opening 14 formed therein through which an image 
may be viewed. Box 12 is designed to be very 
small. For example, for one embodiment of the 
invention, the box would be1-inch by 3-inches with 
a depth of 1. 2 inches. Opening 14 would be a 
square hole for viewing the image, each side of the 
hole being approximately three-quarters of an inch. 

Mounted In box 12 is a circuit 16 containing a 
plurality oflinearly-allgned light-emitting devices 18. 
For a preferred embodiment, devices 1 8 are light- 



emitting diodes ("LEDs"). The number of diodes 18 
in the linear array will depend on the width desired 
for the video display. For a preferred embodiment, 
with a 256 x 256 display, circuit 16 would contain 

5 256 linearly-aligned LEDs. The LEDs for this em- 
bodiment are approximately 40 microns square 
with 20 microns space between LEDs. An example 
of a module suitable for use as the circuit 16 is the 
Telefunken TPMP8160 which is a 256 LED printing. 

io module. 

Light from LEDs 18 is applied to the imaging 
optics which for the embodiment of Fig. 2 is col- 
limating and magnifying lens 20. A 30mm diameter 
50mm focal length lens is suitable for such use. 

15 The co Hi mated light output from lens 20 is applied 
to the vibrating mirror 22 of a resonant scanner 24. 
Scanner 24 may for example cause mirror 22 to 
vibrate through a scan angle of 10° peak to peak 
at a frequency in the range of 50 to 100 Hz. 

20 Vibration through a scan angle of 30* may be 
possible. Mirror 20 might for example be one inch 
square. As mirror 20 is vibrated, the point at which 
the light from LEDs 18 is projected on the mirror 
varies. Thus, by selectively illuminating various 

25 ones of the LEDs 18 at various points in the 
vibration of mirror 22, successive rows of pixels 
(i.e. display spots) will be caused to appear at the 
mirror. With the mirror being refreshed at a 1 00 Hz 
rate (since refresh occurs during movement of the 

30 mirror in both directions, the refresh rate is twice 
the vibration frequency of the mirror), the persis- 
tence of the user's eye is sufficient to eliminate 
flicker and create the illusion of a continuous full 
page virtual image at the mirror. With a system 

35 having the dimensions discussed above, the size of 
the virtual image at the mirror would be equivalent 
to a 12-inch diagonal CRT viewed at a distance of 
24 inches from the eye. Thus, an image containing 
32 lines of 5x7 matrix characters could be easily 

40 viewed. Optical scanners suitable for use in this 
invention are the IB series optical scanners avail- 
able from General Scanning, Inc., 500 Arsenal 
Street, Watertown MA 02272. 

The remaining elements in Fig. 1 are cables 26 

45 and 28. Cable 26, as will be described in more 
detail hereinafter, carries control signals for the 
selective illumination of LEDs 18 and cable 28 
provides power to resonant scanner 24 and re- 
ceives synchronization information from the scan- 
so ner. 

Referring to Fig. 2, the information to be dis- 
played is initially stored in data storage device 40. 
Depending on application, storage 40 may be a 
ROM, a PROM, an EPROM or a RAM. The read- 
55 only stores would be utilized in applications where 
a limited set of information is selectively provided 
to the user. However, for most applications, the 
information provided to the user will vary with time 
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and environment and with the information the user 
requests or the information it is determined, either 
by the user's computer, a host computer, or a 
supervisory person that the user desires or needs. 
New information to be displayed may be applied to 
storage device 40 over data input cable 42 and 
may be stored in storage device 40 during the 
delays to be discussed hereinafter which occur at 
the end of each frame. 

The address at which information is stored in 
storage device 40 and the address from which 
information is read out is controlled in conventional 
fashion by lines 44 from timing and control circuit 
46. Data is read out from storage device 40 a row 
at a time into shift register 48 under control of 
signals on line 44 from circuit 46. Shift register 48 
has for example 256 bit positions, there being a bit 
position In shift register 48 for each LED 18. 

When it is desired to display the row of char- 
acters shifted into shift register 48, a strobe signal 
is applied by circuit 46 over line 50 to cause the 
contents of shift register 48 to be transferred into 
latches 54 over cable 56. The output of latches 54 
on- cable 58 controls the display drivers in LED 
circuit 59, the drivers being triggered by a signal 
on line 52 to illuminate LEDs 18. Once a row of bits 
has been transferred from shift register 48 to 
latches 54, signals may again be applied to lines 
44 to load a new row of information into the shift 
register. 

As previously discussed, the outputs from 
LEDs 18 are applied through lens 20 to form a 
display line of pixels at a selected vertical position 
on mirror 22. As viewed in Fig 2, the user (not 
shown) would be inside the figure facing outward. 

The vibration of mirror 22 is controlled by 
mirror drive circuit 60. The drive signal applied to 
mirror 22 over line 62 is generally sinusoidal so as 
to avoid sharp transitions in mirror motion. How- 
ever, the sinusoidal vibration of mirror 22 results in 
the timing between adjacent rows at the mirror 
being nonlinear. In the discussion to follow, various 
techniques will be discussed for dealing with this 
nonlinearity. 

While the drive of the mirrors is relatively linear 
in the regions between the two end points of mirror 
travel, the drive signal, and thus the mirror travel, in 
the regions near the end points is sufficiently non- 
linear as to defy easy compensation. It has there- 
fore been decided not to attempt to utilize the 
regions near the end points for display in preferred 
embodiments of the invention. This objective is 
achieved in the embodiment shown in Fig. 2 by 
applying the directional output signal on line 64 
from drive circuit 60 to circuit 46 and to right-scan- 
delay circuit 66 and left-scan-deiay circuit 68. The 
outputs from the scan delay circuits are applied as 
additional inputs to circuit 46. 



Referring to Fig. 3, line A shows the signal 
which appears on line 64. This signal is high during 
the scan of the mirror in one direction, which will 
be called the right scan direction, and is low during 

5 a scan in the opposite direction, which will be 
called the left scan direction. The transitions in the 
signal on line 64 when the direction of vibration of 
mirror 22 changes may be utilized to synchronize 
timing control circuit 46 and thus the remainder of 

w the system. It is further noted that points are being 
mapped onto mirror 22 during both the left scan 
and right scan of the mirror. However, the points 
are being mapped in opposite directions for these 
two scans. Thus, while points may for example be 

75 mapped starting at the top of the screen and pro- 
ceeding row by row to the bottom of the screen 
during the right scan, during the (eft scan the first 
row generated would be the bottom row and rows 
would proceed to be generated from bottom to top. 

20 In order to maintain a clear.high resolution display, 
it is important that the same point always appear at 
exactly the same spot on the mirror during both the 
left scan and the right scan. This may necessitate 
that the delay before a right scan begins as con- 

25 trolled by delay 66 be different than the delay 
before the left scan begins as controlled by deiay 
68. This is the reason for the two separate scan 
delays. The output from right scan delay 66 is 
shown on line B of Fig. 3 as a series of pulses 

30 which occur slightly after the beginning of each 
right scan. Similarly, the output from left scan delay 
68 is shown on line 3C and constitutes a series of 
pulses which are delayed silghtly from the begin- 
ning of each left scan. As previously indicated, and 

35 as may be visible in Fig. 3, the delay for the left 
scan may be different than the delay for the right 
scan so as to assure that a point appears at pre- 
cisely the same point during both scans. 

To further compensate for the nonlinearity in 

40 the mirror drive, the spacing between strobe sig- 
nals on line 52, (which are utilized to load each row 
of bits into latches 54) may be varied during a 
given scan cycle as shown in Fig. 4A. Similarly, the 
spacing, but not the duration, of the display signals 

45 on line 52 which control the LED drivers may also 
be varied as shown on line B of Fig. 4. In Fig. 4, 
only representative ones of the strobe and display 
signals are shown, it being understood that there 
would be one of each such signal for each row of 

so the display. Thus, for a 256 x 256 display, there 
would be 256 of each such signal. Another poten- 
tial problem is that, with large fight-emitting diode 
arrays, such as those utilized for the preferred 
embodiment of the invention, the illumination from 

55 the LED may not be uniform. While such nonunifor- 
mity may be acceptable for some applications, 
such nonuniform ity could cause a vertical line or 
stripe to appear in the display in the application of 
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this invention. Since manufacturers typically pro- 
vide information concerning such nonuniformities 
with the arrays, such nonuniformities may be com- 
pensated for in the circuit of Fig. 2 either by 
varying the width of the pulses used to energize 
the LEDs, as shown on line B of Fig. 4, and thus 
the duration which the LEOs are on, or by varying 
the current applied to the LEDs to compensate for 
their nonuniformity. Either technique will result in a 
substantially uniform illumination from all LEDs of 
the array regardless of any initial nonuniformities. 

In practice, shift register 48, latches 54 and 
LED circuit 59 may be included as part of circuit- 
board 16. Similarly, mirror drive circuit 60 may be 
included as part of optical scanner 24. Timing and 
control circuit 46 may be a programmed micro- 
processor or other suitable control device. The 
nature and programming of circuit 46 will vary with 
application. 

Fig 5 is a schematic diagram of an alternative 
embodiment of the invention wherein, for purposes 
of illustration, two rows of light-emitting diodes 18A 
and 18B are shown, each of which provides an 
output in a different color. For example, light-emit- 
ting diodes 18A could provide a red output and 
light-emitting diodes 18B a green output. In order 
to provide a full-color display, one or more addi- 
tional rows of light-emitting diodes might be pro- 
vided. For each row of light-emitting diodes 18, 
there is a LED circuit 59, a set of latches 54 and a 
shift register 48. Data from data store 4fj' is loaded 
into shift registers 48 under control of timing and 
control circuit 46 . The same data would be loaded 
into both sets of shift registers but would be loaded 
into latches 54 for display at slightly different time 
intervals, the time intervals being correlated to the 
space between the rows of light-emitting diodes 
and the rate of travel of the vibrating mirror 22 
such that corresponding outputs from light-emitting 
diodes 18A and 18B are imaged on exactly the 
same spot on mirror 22. Color images may thus be 
obtained at mirror 22. 

Fig. 5 also illustrates another variation in the 
system in that, instead of the virtual image at 
mirror 22 being viewed directly through an opening 
in box 12, additional optics are provided to create 
an intermediate real image and then recollimate the 
light into a small enough beam so that maximum 
light goes into the user's eye. More particularly, the 
image from mirror 22 is passed through a lens 80 
which forms an intermediate real image at point 82 
which is then recollimated by lens 84. Lens 84 
could, for example, be set in an eye piece which 
the viewer could look through. 

Except for the two changes noted above, the 
embodiment of Fig. 5 operates in the same manner 
discussed previously in conjunction with the em- 
bodiment of Fig. 2. " 



Depending on the desired size for the box 12 
and the nature of the desired optical output, a 
variety of optical configurations may be utilized. 
Fig. 6 is an example of one such optical path which 
5 may be utilized to increase light available at the 
viewing lens. In this embodiment light from the 
light-emitting diodes 18 passes through a series of 
collimatlng lenses which form the imaging optics to 
mirror 22. The image from the mirror is projected 

10 by a pair of fold mirrors 90* and 92 and through 
various lenses to a viewing lens 94. As is seen in 
Fig. 6, the collimatlng lens, which may be a single 
lens as shown in Fig. 1, is preferably a multiple 
lens configuration. The exact nature of this lens 

75 configuration will vary with application. Further, 
while for preferred embodiments, collimating and 
« magnifying lens means have been utilized for the 
imaging optics, imaging optics could be used 
which create the virtual image at any comfortable 

20 viewing distance and at any desired size and could 
be formed either fn whole or in part by curved 
mirrors or other optical elements in addition to or 
instead of lenses. 

Power to run the various embodiments of the 

25 invention indicated above would typically be ob- 
tained from batteries (not shown). If for the particu- 
lar application, the power demands are sufficiently 
low that miniature batteries can be utilized, the 
batteries can be mounted within the device itself. If 

30 larger batteries are required, such batteries could 
be in a battery pack which the user could, for 
example, clip to his waist, which pack would be 
attached through a suitable cable or wire to the 
device, or it could take some other conventional 

35 form. Similarly, a cable or wire could be provided 
connecting circuit 46 as well as store 40 to an 
external computer or other control device, permit- 
ting both the programming of the display and the 
data to be displayed, to be varied. 

40 Another possible configuration which would re- 

duce wire bonds is for the LEDs to be driven from 
a driver matrix rather than having a separate driver 
for each LED. This would reduce the time slot for 
each LED and would result in other changes in the 

45 circuitry appropriate for such configurations. 

While for purposes of illustration, a display of 
256 x 256 has been indicated, it is within the 
contemplation of the invention that either higher or 
lower resolution be provided in either direction. It is 

50 also possible for the display to be rectangular 
rather than square. The components of the system 
may also be arranged so that the linear array of 
LEDs represents a vertical column of the display 
rather than a horizontal row and successive col- 

55 umns of the display are produced as the mirror is 
vibrated. In addition, while LEDs have been utilized 
as the light-emitting elements for preferred embodi- 
ments, other light-emitting elements, such as linear 
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electroluminescent strips, may be utilized in some 
applications. It is also within the contemplation of 
the invention that the LEDs or other light-emitting 
element be aligned in some predetermined fashion 
other than as a single horizontal or vertical row. For 
example, the elements could be interlaced in two 
rows, could be at an angle, or, for appropriate 
applications could be in a curve, wave array, or 
other form. The electronics would assure genera- 
tion of a desired image regardless of the element 
configuration. 

Further, the box 12 may either be a hand-held 
box which could for example be placed in the 
user's pocket, or easily fit in a briefcase or purse 
when not in use, or it could be a small box adapted 
to be mounted on glasses or goggles for viewing 
by the user while keeping his hands free. In the 
latter configuration, since the display is adjacent to 
only one eye of the user, and could be positioned 
out of the user's main line of vision for such eye, it 
is possible for the user to monitor the display with 
minimal interruption of the user's normal vision. 
Thus, the display is adapted for use by pilots, 
machine operators, tank drivers, surgeons or others 
who require many forms of data input while per- 
forming their normal functions, and may provide 
such information to the user in a form which would 
be less distracting from his normal function when 
attempting to view the various dials, gauges and 
monitors currently used for providing such informa- 
tion. The device could also be mounted so as to be 
movable to a position completely out of the user's 
line of vision when not in use. Such configuration 
might also permit business or professional people 
to assimilate required information while driving, sit- 
ting on a plane or commuter train, meeting with 
customers or clients, or performing other functions 
where it has not heretofore been possible to obtain 
information in this way. This can be accomplished 
in a form far more convenient and less bulky than 
with current lap-top machines and with a display 
which is far easier to see and read. 

While for the preferred embodiments, only a 
single image has been provided to be viewed 
through one eye, it is within the contemplation of 
the invention to provide, for example, glasses hav- 
ing a separate lens 84 or 94 positioned in front of 
each eye for viewing slightly displaced images to 
give a 3-dimensional image. This could, for exam- 
ple, serve as a very inexpensive flight simulator or 
be utilized for other training functions. 

It is also possible in some applications to elimi- 
nate data store 40 and to control the LEDs directly 
from a data or video input signal on line 42. For 
example, line 42 could be connected through suit- 
able circuitry to a TV antenna or other video re- 
ceiver, permitting the device to be used as a min- 
iature TV monitor. 



While the invention has been shown and de- 
scribed above with respect to various preferred 
embodiments, it will be apparent that the foregoing 
and other changes of form and detail may be made 
s therein by one skilled in the art without departing 
from the spirit and scope of the invention. 



Claims 

70 

1. A miniature display system for displaying a 
substantially planar, magnified image comprised of 
a plurality of illuminated picture elements, said 
display comprising: 

15 a plurality of light-emitting elements each of which 
can be independently illuminated, said light-emit- 
ting elements being aligned in a predetermined 
fashion; 

first imaging optics for creating an enlarged virtual 

20 image of said light-emitting elements; 

a mirror in which the reflection of said enlarged 
virtual image can be observed; 
means for repetitively moving the mirror through a 
predetermined range of movement; and 

25 means for selectively illuminating the light-emitting 
elements as said mirror moves, so that a substan- 
tially planar, two-dimensional, enlarged virtual im- 
age is created. 

2. A display system as claimed in Claim 1 
30 wherein said light emitting elements are linearly 

aligned. 

3. A display system as claimed in Claim 1 
wherein said light-emitting elements are aligned in 
a single linear row. 

35 4. A display system as claimed in Claim 1 

wherein said light-emitting elements are aligned in 
at least a first linear row and a second linear row 
and said light-emitting elements in said first linear 
row are staggered in position with respect to light- 

40 emitting elements in said second linear row. 

5. A display system as claimed in Claim 1 
further comprising second imaging optics for con- 
veying said a two-dimensional, enlarged virtual im- 
age to an observer's eye. 

45 6. A display system as claimed in Claim 1 

further comprising second imaging optics which act 
to enlarge the physical area in which the observer's 
eye may be located in order to view the entire 
image. 

so 7. A display system 'as claimed in either of 

Claims 5 or 6 wherein said imaging optics com- 
prises means responsive to said enlarged virtual 
image for creating a real image and said display 
system further comprises means for viewing said 

55 real image. 

8. A display system as claimed in Claim 1 
wherein light emitted from said light-emitting ele- 
ments follows an optical path between said light- 
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emitting elements and an observer and said dis- 
play system further comprises passive optical 
means for folding or redirecting said optical path. 
9 9. A display system as claimed in Claim 1 

wherein said light-emitting elements are light-emit- 
ting diodes. 

10. A display system as claimed in Claim 1 
including means for correcting for non-uniform 
brightness across said planar, two-dimensional, en- 
larged virtual image. 

11. A display system as claimed in Claim 10 
wherein said correcting means comprises timing 
means for generating electrical pulses and means 
for providing said electrical pulses to each of said 
light-emitting elements, said light-emitting elements 
emitting light in response to said electrical pulses 
and means controlled by said timing means for 
adjusting the length of time during which said elec- 
trical pulses are applied to said light-emitting ele- 
ments. 

12. A display system as claimed in Claim 10 
wherein said correcting means comprises timing 
means for generating electrical pulses and means 
for providing said electrical pulses to each of said 
light-emitting elements, said light-emitting elements 
emitting light in response to said electrical pulese 
and means controlled by said timing means for 
adjusting the amplitude of said electrical pulses. 

13. A display system as claimed in Claim 1 
wherein some of said plurality of light-emitting ele- 
ments emit a first color and some of said plurality 
of light-emitting elements emit a second color dif- 
ferent from said first color; and 

wherein said means for selectively illuminating is 
operative to illuminate said light emitting elements 
in a manner such that different colored light emit- 
ted from said plurality of elements appears at the 
same point on the mirror so that a desired colored 
image is generated. 

14. A display system as claimed in Claim 1 
wherein said imaging optics includes means for 
substantially collimating the light generated by said 
light-emitting elements. 

15. A display system as claimed in Claim 1 
wherein said imaging optics includes means for 
focussing the light generated by said light-emitting 

a elements so that said virtual Image is located at a 

focal distance which is easily accomodated by an 
, observer's eye. 

16. A display system as claimed in either of 
Claims 1 4 or 15 wherein said imaging optics com- 
prises at feast one lens. 

17. A display system as claimed in Claim 1 
wherein said moving means rotates said mirror 
about a fixed axis. 

18. A display system as claimed in Claim 17 
wherein said moving means reciprocates said mir- 
ror about a fixed axis with a nonlinear motion. 



19. A display system as claimed in .Claim 18 
wherein said nonlinear motion is a substantially 
sinusoidal motion and said display system further 
comprises means responsive to the motion of said 

s mirror and operative at the ends of the travel of 
said mirror for inhibiting said light-emtting elements 
from emitting light for a predetermined time period. 

20. A system as claimed in Claim 19 further 
comprising timing means for generating electrical 

w pulses and means for providing said electrical 
pulses to each of said light-emitting elements, said 
light-emitting elements emitting light in response to 
said electrical pulses and means controlled by said 
timing means and responsive to the motion of said 

is mirror for adjusting the time relative to said mirror 
motion at which said electrical pulses are applied 
to said light-emitting elements so that nonlinearity 
in the movement of the mirror is compensated. 

21. A display system as claimed in Claim 1 
20 wherein said mirror moves through a predeter- 
mined path and subsequently retraces said path in 
the opposite direction and wherein said illuminating 
means is responsive to the direction of mirror mo- 
tion for illuminating said light-emitting elements so 

25 that the same planar, two-dimensional, enlarged 
virtual image is created during both directions of 
mirror motion. 

22. A display system as claimed in Claim 1 
comprising means for storing at least one image to 

30 appear at the mirror; and means for selecting the 
image to appear. 

23. A display system as claimed in Claim 20 
comprising means for entering new images to be 
displayed in said means for storing. 

35 24. A display system as claimed in Claim 1 

comprising means for entering images to appear at 
said mirror; and 

means for utilizing the input from said entering 
means for controlling said illuminating means. 
40 25. A display system as claimed in Claim 1 

comprising a light-tight box having a viewing open- 
ing formed therein; and 

means for mounting said light-emitting elements, 
said mirror, said moving means, and said imaging 
45 optics in said box. 

26. A display system as claimed in Claim 25 
comprising means for mounting said light-tight box 
within the viewer's field of vision. 

27. A display system as claimed in Claim 25 
so comprising means for mounting said light-tight box 

physically adjacent one eye of the viewer. 

28. A display system as claimed In Claim 26 
comprising a second light-tight box and means for 
mounting each of the light-tight boxes adjacent a 

55 different eye of the user, to generate a stereo 
display. 
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29. A display system as claimed in Claim 1 
further comprising means for applying slightly dif- 
ferent images to the elements of each of said light- 
tight boxes whereby a 3-D image is projected to 

the viewer. s 

30. A display system as claimed in Claim 1 
wherein said moving means comprises a resonant 
mirror rotating system. 

31. A display system as claimed in Claim 1 
further comprising means for applying video sig- w 
nals to said illuminating means and wherein said 
illuminating means comprises timing means for 
generating electrical pulses and means for provid- 
ing said electrical pulses to each of said light- 
emitting elements, said light-emitting elements 15 
emitting light in response to said electrical pulses 

and means controlled by said timing means and 
responsive to said video signals for adjusting the 
time duration of said electrical pulses to generate 
video images. 20 

32. A display system as claimed in Claim 1 
further comprising means for applying video sig- 
nals to said illuminating means and wherein said 
illuminating means comprises timing means for 
generating electrical pulses and means for provid- 25 
ing said electrical pulses to each of said light- 
emitting elements, said light-emitting elements 
emitting light in response to said electrical pulses 

and means controlled by said timing means and 
responsive to said video signals for adjusting the 30 
amplitude of said electrical pulses to generate vid- 
eo images. 
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